With the internationalization of manufacturing industry in our country today, how to ensure the high reliability of production equipment and minimize the cost of equipment maintenance has become an important issue for the survival and development of enterprises. Flexible formulation of the corresponding equipment update strategy is of great significance for reducing the operating costs of enterprises, improving the labor productivity of enterprises and even enhancing the competitiveness of the industry. This article research on maintenance method and replacement policy of engine cylinder automatic production line equipment of a car factory uses failure statistics and analysis method to process related equipment maintenance data and obtain the failure model. On this basis, the equivalent cycle model for series system of multiple devices is established. The equivalent cycle model is established on the finite interval [0,T]. In the model, reliability and maintenance costs are respectively as the objective function, and the other one as the constraints. Then a variable cycle preventive maintenance model is established, in which the average cost rate is as the objective function, and reliability of each preventive interval as the constraints. These preventive maintenance decision models can provide a quantitative basis for decision making in maintenance activities. And , according to the failure frequency and maintenance costs of each engine cylinder production line equipment, this article identify the key equipments for maintenance. Using these key equipments as study object, make an empirical study for these preventive maintenance decision models. Finally, based on game theory, replacement policy for the engine cylinder production line equipment is researched. This replacement model provides a more systematic decision-making way for equipment replacement analysis. Providing a new thinking method, it can be a reference available for maintenance staff.
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The hypothesis of equipment time between failures distribution
In this paper, the reliability model was set up using the time between failures of the No. 201608 equipment. Equipment 201608 is a preliminary cleaning machine. According to the inherent characteristic of engine cylinder block production line equipment from certain enterprise, we assumed time between failures obeys the Weibull distribution. Weibull distribution of probability density function f (t), Weibull distribution function F (t), Failure rate function λ (t), can be expressed in reference [1] .
The parameter estimation of distribution function
Parameter estimation is a process that the population parameter value is estimated using collected sample observation value [2] . Characteristic parameters were calculated using the maximum likelihood estimation proposed by Gaussian. According to the Weibull distribution of the probability density function f (t), the data capacity for n, t 1 , t 2 , ..., t n , parameters of the likelihood function ,the density function for time between failures , the distribution function for time between failures, the function for reliability, the function for failure rate are expressed in reference [2] .
K-S inspection of distribution
K-S test is an effective practical distribution goodness-of-fit test method. We used it to test the distribution model of engine cylinder block production line equipment. When the time between failures of the No. 201608 equipment obeys the Weibull distribution, the degree of difference between the theoretical distribution and empirical distribution is D n =0.064543. Taking α= 0.05 from schedule 11 of reference [3] , the test statistic λ= 1.36 was obtained as:
In conclusion, at the same significant level, the hypothesis that the time between failures of equipment obeys the Weibull distribution is acceptable.
Reliability index and life index
We take the equipment 201608 as an example to calculate digital features of its reliability. 
2) mean time between failures MTBF
2. Setting up the preventive maintenance model of the engine block production line equipment 2.1. Theoretic analysis 2.1.1. The model of mixed failure rate In the study, the model of mixed failure rate based on the recursive decline factor and failure rate increasing factor was adopted. Using this model, before and after equipment preventive maintenance, failure rate function is:
where values of a and b can be obtained according to the specific situation of each equipment. The failure rate of the system in [T k , T] is:
The reliability model
Reliability is an important index for measuring the safety, applicability and durability of equipment. The reliability of the series system at T moment can be expressed in reference [4] .
The total maintenance cost
In the finite time interval [0, T], the total maintenance cost of the system is consisted of three parts: preventive maintenance cost, minimum maintenance cost and production cost. It is expressed in reference [4] .
The optimization model of equivalent periodic preventive maintenance
At T moment, taking the total maintenance cost as optimized object and the reliability as constraint conditions, we obtained the optimization model in reference [5] : where R is the reliability constraint value, and C is the cost constraint value.
Setting up the Variable periodic preventive maintenance model of the engine block production line equipment
Taking the average cost rate of the complete maintenance time-domain as the objective function, and the time domain reliability as the constraint condition, the optimization model of variable cycle preventive maintenance is in reference [6] . where R is the reliability constraint value; in order to facilitate the calculation, N is given by the experience.
The empirical research on the preventive maintenance strategy of the engine block production line equipment
Based on history maintenance data of block production line equipment from a certain enterprise, we analyzed failure rate, time between failures, fault maintenance time, downtime and maintenance cost of the production line equipment, and determined the key equipment. Then, considering the key equipment as the research object, we carried on the real diagnosis analysis and research to the model of peer periodic preventive maintenance and the model of variable periodic preventive maintenance model.
The analysis of history data of the engine block production line equipment
The research object of this paper is an engine cylinder block production line equipment. When we make decision on maintenance of the production line equipment, we should first determine the equipment that plays an important role in the normal production. Using all maintenance data of the cylinder body from September 2012 to July 2014, the key equipment of the production line was analyzed from different angles. The failure rate of production line equipment is shown in Figure1. The maintenance time of production line equipment is shown in Figure 2 . The downtime of production line equipment is shown in Figure 3 . The downtime accounts for the proportion of the maintain time of main production line equipment during the data collection is shown in Figure 4 . The maintenance cost of each production line equipment is shown in Figure 5 . As shown in Figures 1-5 We assumed the series system is composed of these two subsystems, and each subsystem is independent. Using the Matlab, the optimization results of the total maintenance cost with different reliability constraint values were obtained, which is shown in Table 1 .
Using the matlab, the optimization results of the cost without reliability constraint are T p1 = 300, T p2 = 300, C min = 4631.9. Compared with the situation of reliability constraint, there is the minimum total maintenance cost, the largest preventive maintenance cycle of each subsystem in the situation with reliability constraint, which is consistent with the actual situation of the enterprise.
3.2.2.
Empirical research on the model taking the reliability as the objective function with total maintenance cost constraints Using the matlab for mathematical model, the reliability optimization results of series system can be obtained with different total maintenance cost constraint, which is shown in Table 2 . Using the Matlab, the optimized reliability function without maintenance cost constraint was obtained, where T p1 = 24.65, T p2 = 48.68, R T = 0.8939. Compared with the situation of reliability constraint, there is the minimum preventive maintenance cycle for the subsystems, and the maximum reliability value with unconstrained condition.
Empirical research on the variable cycle preventive maintenance model of the engine block production line equipment
Using the Matlab, the average cost rate of the system in a complete maintenance period was optimized with different reliability constraint values. Finally, we obtained the optimization results T 1 , T 2 , T 3 , T 4 , T 5 , T 6 , which is shown in Table 3 . According to the result shown in the Table 3 , taking the reliability constraint value R = 0.782 as an example, the diagram of preventive maintenance process is shown in Figure 6 . when T 1 = T 2 = T 3 = T 4 = T 5 = T 6 , the maintenance model will change into an equal cycle model. We solved this model and obtained the optimization results, which are shown in Table 4 .
Empirical research on the upgrade strategy of engine cylinder block production line equipment based
on the game theory 4.1. The upgrade strategy of engine block production line equipment We researched the upgrade strategy using the matrix model in reference [7] . First, Combined with the statistical data of engine cylinder block production line equipment No. 200142, the countermeasure of the upgrade problem was set as G = {S 1 , S 2 ; A}, where S 1 = {α 1 , α 2 , α 3 , α 4 , α 5 }={continue to use the existing equipment, overhaul to the existing equipment, The modern modification to existing equipment, Use prototype equipment upgrade existing equipment, With high efficiency new performance equipment upgrade existing equipment} ; S 2 = β 1 , β 2 , β 3 ={Existing equipment dominate the market, in the market the upgrading of equipment appear and gradually popular, in the market the high efficiency new performance equipment appear and gradually popular}.
Setting up the model of payoff matrix for player I
We set up the model of payoff matrix for player I. In this paper, the total cost calculation method was used for the model of upgrade strategy. We calculated the total cost for different strategies during the same time as earned values of payoff matrix. When player II was under strategy β 1 , which means that the existing product still dominate the market, we calculated the corresponding various data of five kinds of strategies for α. It is shown in Table 5 . Similarly, when player II was under strategy β 2 and β 3 , we calculated the corresponding various data of five kinds of strategies for α. Setting the total cost of the player II under different strategy as the earned value of player I of payoff matrix, we calculated the payoff matrix of player I as follows, 
The earned value is the net present value. Unit: ten thousand yuan.
Solution of the matrix model
In this case, max i min j a i j min j max i a i j . It means there is no best pure strategy. Therefore, it is necessary to establish the linear programming model to determine the optimal mixed strategy. Theoptimal countermeasure expectations V G = 10.816 ten thousand yuan. In sum, existing products still dominate the market. The market has appeared the upgrading of products and gradually popular. The market has appeared high efficiency new performance products and gradually popular. Their possibility are 0.131, 00.869, respectively. Renewal of equipment decision makers choose intact use existing equipment, equipment big repair, existing equipment modernization, with the modified prototype equipment upgrade the existing equipment, with high efficiency new performance equipment upgrade the feasibility of existing equipment respectively are 0.488, 0, 0, 0 and 0.512, respectively. The optimal countermeasure expectations is 108160 yuan.
Conclusion
In this paper, using equipment maintenance methods and related theory of upgrade strategy, one engine cylinder block production line equipment preventive maintenance methods and equipment upgrade strategy were studied. The game theory in the operational research theory was applied in equipment upgrade strategy formulation. Market analysis was merged into the technical analysis field, and the equipment upgrade strategy was investigated based on the game theory. It provides a new idea for enterprises to develop equipment upgrade strategy.
